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from	 the	economic	benefits,	 there	 is	an	 important	aspect	of	ecological	effects	 that	can	be	
visible	in	the	reduction	of	pollutants	released	into	the	atmosphere.	
In	 general,	 thermomodernization	 includes	 insulation	 of	 walls	 and	 ceilings,	 doors	 and	
windows	weatherstripping,	adaptation	of	heating	system	to	the	reduced	demand	for	heat,	and	
the	replacement	of	conventional	energy	sources	with	renewable	ones	[1].
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where:
RT  –		 total	thermal	resistance	[m
2K/W],






...,	Rn  –		 the	heat	transfer	resistances	of	particular	layers	[m
2K/W],
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In	both	cases	 (the	 roof	and	 the	exterior	walls),	 it	was	decided	 to	perfrom	 the	 insulation	
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Thickness	of	the	mineral	wool	d: [m] 0.14 0.16 0.18
Growth	in	thermal	resistance	ΔR: [m²K/W] 3.333 3.810 4.286
Thermal	resistance	Rt: [m²K/W] 0.704 4.038 4.514 4.990
Overall	heat	transfer	coefficient	U: [W/m²K] 1.42 0.248 0.222 0.200
The	unit	price	of	mineral	wool: [zł/m²] 100 103 106
The	cost	of	improvement	Nu: [zł] 58400 60152 61904
Heat	demand	Q: [GJ/year] 1679.27 1226.22 1216.70 1209.12
The	amount	of	coal	used	for	heating	B: [t/year] 73.01 53.31 52.90 52.57
The	cost	of	heating	K: [zł/year] 52568.44 38386.13 38088.08 37850.67
Annual	saving	ΔK: [zł/year] 14182.31 14480.36 14717.76
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1 2 3 4
Thickness	of	the	mineral	
wool	d: [M] 0.1 0.12 0.14 0.16
Growth	in	thermal	resistance	
ΔR: [m²K/W] 2.381 2.857 3.333 3.810




[W/m²K] 0.847 0.281 0.248 0.222 0.200
The	unit	price	of	mineral	
wool:
[zł/m²] 94 97 100 103
The	cost	of	improvement	
Nu: [zł] 75200 77600 80000 82400
Heat	demand	Q: [GJ/rok] 1226.22 778.09 756.70 739.82 726.18
The	amount	of	coal	used	for	
heating	B: [zł/year] 53.31 33.83 32.90 32.17 31.57
The	cost	of	heating	K: [zł/year] 38386.13 24357.46 23687.89 23159.63 22732.6
Annual	saving	ΔK: [zł/year] 14028.66 14698.24 15226.5 15653.52
SPBT: [years] 5.36 5.28 5.25 5.26
The	obtained	results	indicate	that	there	is	a	small	difference	in	the	payback	time	when	
various	thicknesses	of	mineral	wool	are	taken	into	consideration.	Nevertheless,	in	both	cases,	





4. Selection of the heat pump
Due	 to	an	 investor	 suggestion,	only	 the	brine/water	and	water/water	heat	pumps	were	
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Heat	demand [kWh/year] 125192 125192
Coefficient	of	Performance – 4.1 3.2
Power	consumption [kWh/year] 41528 50841




The	cost	of	buying [zł] 148222 349524
SPBT [year] 6.4 19.8
It	can	be	seen	that	the	cost	of	buying	the	heat	pump	water/water	OWWP	96	is	more	than	





walls	 and	 roof	 thermomorednization,	 the	 costs	 of	 exchange	 of	 the	 actual	 heaters	 for	 the	
heaters	adapted	to	the	new	operating	parameters	and	the	costs	of	buying	and	installing	the	
heat	pump.	The	total	cost	of	thermomodernization	equals	313497	[zł].	Thanks	to	this	action,	
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6. Ecological analysis
The	best	way	to	estimate	the	ecological	effect	is	to	calculate	the	reduction	of	the	emissions	
of	 pollutants	 into	 the	 atmosphere.	 Currently,	 each	 year,	 33.48	 [t/year]	 of	 coal	 is	 used	 in	
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 803.52 458.88 344.64
NO
2
 73.66 19.12 54.54




dust 334.8 191.2 143.6
7. Conclusions






[zł]	 to	 24916.8	 [zł]	with	 the	 payback	 time	 of	 about	 6	 years.	Apart	 from	 the	 economical	
benefits,	there	is	an	important	ecological	aspect	present.	The	emissions	of	the	pollutants	into	
the	atmosphere	 is	 reduced	significantly.	There	 is	a	 reduction	of	23698	[kg/year]	of	carbon	
dioxide	released	into	the	atmosphere	which	is	especially	important	as	the	carbon	dioxide	is	
one	of	the	greenhouse	gases.
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